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Abstract 
New POSS compounds with high temperature capability and good 

solubility in various organic solvents have been developed. By placing a 
single polycyclic aromatic group (naphthyl, phcnanthryl, or pyrcnyl) on a 
comer (via a "corner-capping" reaction) of (phcnylnSi.,o.{OH)" cage 
symmetry is disrupted. which signific.lntJy increases solubility over 
(phcnyJ).SiIOIl . Thermal characteristics are retained, which makes these 
materials suitable for usc in high p\'rf,)rm~n.e polymcrs. Reasonable yields 
(29-95%) were obtained for the rca~lions . 
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illtrodutlion 
Polyhedral Oligomeric SilScsquioxllrlCS (POSS) combille an inorganic 

Si-o core surrounded by eight substituent groups thm form an organic corona. 
These: hybrid nanoparticles are used in many appllcmions due to their 
solubility in solwnt and polymcr host5. ' 11,1.' versatil ity of POSS chemistry 
affords various fonns of organic functionality, each having strengths and 
weaknesses, which may be toilored for u plll1kular application. For instance, 
aliphatic groups tend to havc good solubility in a number of materials but 
demonstrate poor thermal proper1ies. Fluorinated groups impart low surface 
energy, but have low solubili ty in common organic solvents .l Peripherally 
aromatic POSS, on the othcr hand. arc thermally stnble, but suffcr from poor 
solubility.l .. Commercially available inCr1 aromatic POSS compounds are 
phcnyl,Si,OIl and phenyl"Si'lO", The symmetry, low dipole moments, and 
high degree of aromaticity of these compounds all contribute to significant 
micro-scale crystallin ity tesulling in extraordinarily poor solubility in hosts. 
including those that an: chemically similar. The POSS interactions with in 
these crystals are considerably strong such that they do not exhibit melting 
points and cannot be mechanically broken. In an effon to improve solubility, 
the physical peripheral stru<:ture of POSS has been modified using a M comer. 
capping" methodology. fly placina a single polycyclic aromatic group 
(naphthyl , phenanthryl, or pyrenyl ), on one comer of an acta-functional cage. 
improved solubility characteristics an' observcd Rep lacement of 9 single 
phenyl group with a larger aromatic m,}!e!), disnl pt~ the cage symmctry titus 
solubi lity is substantially increa~ed, yct docs IIOt compromise the superb 
thermal propenies characteristic of this class of compounds. This molecular 
architccture represents a new class of non-reaetivc, blcndable nanopartieles 
fOI the thermal and me<:hanical reinforcemcnt of polymtr hosts. 

E~ptri menl,1I 

Ma tcnl ls. Phenyl, POSS Irisilanol was obtainetJ from Ilybrid Plast ics, 
while other silicon-oot1taining organic compounds were purchased from 
Gelcst. All other chemicals were purchased from Aldrich. All chemicals 
were used Without further purification unlcss noted oth""wisc. All reactions 
were ~rfonned under an atmosphere of dry nitrogen. Flasks were oven-dricd 
and allowed 10 cool under nitro~~n prior to use, 

IIl ~frunielifation, 'I!, I C, ill1d nSi NMR spect ra wcre obtained on 
Bruker 300·Mllz and 400-MI Iz spectrometers using 5 111m o.d_ wbes. Silmple 
conce11lmiions were approx. 10"10 ('01'1'1) in CDCI) and were referenced to 
internal solv",nl. 'II spectra were run "'ith the following dday limes 10 ensure 
accurate integrals. A 15 s~c deby was used to :ltquirc l'1Si NMR spectra.. 

Synthesis or l-nlphtllyltriehlorosilnne. Under a dry nitrogen 
atmosphere, a solmion of I ·bromonaphthalcnc (27.7 p., 0.134 mol) in THF 
(175 mL) was added s10\\1y to a suspension of magnesium lumings (3 .9 g, 
0.16 mol) in TI ll' ( IS mL) that had previously been activated with an iodinc 
crystal. Aner cooling to rOOl1l temperaturt, the Grignard reagent was added 
via canula to a nlF solution of SiCl, (25.1 g, 0.148 mol) and stirred 
overnight. The mixture was evaporatcd to dryntss, extracted with hexane, and 
filter~d to remove Mg6rCi. The hexane·soluble I·napluhyltrichlorosilane 
was distilled 8t 120·C under dynami~ VOCU llm to pT()vide a 67% yield (23,6 g, 
0.0902 mol) of product. ' H NMR (C[)Ch, ppm) 8.46 (dd. IJH _~ 0.7, 8.4 Hz, 
111),8.21 (dd, 'J Il ... 1.2, 7.0 Ib, 111),8.09 (d, )J ... " 8,3 Hz, IH), 7.96 (d, )h.11 

7.S H~, 11'1), 7.70 (m, Ill), 7.59 (m, 211). llC{'II) NMR (CIX13, ppm) 
124.61 , 126.53,127.12.127.41, [27.811, 129.34. 13.1.55, 134.04, 134.38, and 
13S.47. l'Sil' lI) (COCh, ppm) ·0.50 (s). 

Synthu il of Phenyl, l · naphl llyISi,O" {1-C1oH,)(t41 1,),Si.O,I. Under a 
dry nitrogen atmosphere, (C,H,hShD.(OHh (19.7 g, 0.021 mol) was 
dissolved in THF (150 mI.). I ·N ~phth) Itrichlorosilime (5_6 g. 0.022 mol) was 
diswlvtd in THF (50 mL) and slowly added 10 the phenyl triol solalion. 
Triethylamine (6_8 g, 0.068 mol) was diluted with THF (I00 mL) and added 
over a 90 minute period to the stirring solu t ion and the reaction was allowed 

10 proceed overnight. The solution was then filtered and the volume reduced 
under dynamic vacuum. Ether was !hen added and an aqucous workup was 
perfonned. The solution was again redueed under vacuum and the remaining 
oil was dissolved in THF. The SOlution was precipitated in methlUlol and then 
filtered to produce a 95% yield (21.0 g, 0,20 mol). III NMR (CDCh, ppm) 
8.51 (m, I H), 8_04 (dd, 'J"." 1.3. 6.8 Hz, III), 7,98 (d, 'JMI 8.3 liz. III), 7.81 
(m, ISH), 736 em, 2411) t'q'H) NMR (CDCb, ppm) 124.84, 125.73, 
126.50, 127_85, 127.88, 127,90, 128.26, 128.36, 128.64, 130,05, 130.15. 
130.19,130.77,130.82,131.50.133.16,134, [9,134,22,134.23,135.36. And 
136.45. n Si{'ll) (CDCh, ppm) ·77.37, ·78,05, ·78_1 4, and ·78. 17. Ekmenlal 
Anal. (ealed): C, 57.68 (57.64); II , 3.81 (3.91), 

Ruulls a nd DiKUS5ioll 
Polycyclic aromatic (phenylhSi,ou cages were produced using a similar 

method as found in the [itentare.' The comer capping reactions all had 
reasonable yields (29·95%) and were easily purified by dissol\'ing in a good 
solvent and then slowly adding to a poor sol\'en1. 

The subst itution of ont aromatic group on the POSS cage excrts 
sign ificant effecls on miscibility charac teristics. The soluhi lity in chlorofonn. 
as compared to octaphcnyl POSS, increased by more than an order of 
magniwde. Octaphenyl l'OSS is insoluble in common organic sol\'cnts, 
whereas the polyaromatic corner eapped I'OSS is soluble in severol commnn 
organic solvents. This opens up several possibili ties for incorporolini a high 
lemper~tUH' POSS into polymer syStems. 

Two solutions were made, one consisting of polystyrene and octaphen)'1 
POSS in Til l' and the O(her consiSling o f polyst)Tent and I·Nap(Phh T. In 

Til l'. These polymer solutions were used to solution<ast films onto gla:>.s 
substrates. The films were dried in a vacuum oven slightly above the T, of the 
host pol)mer. The OCIaphCllyl POSS films exhibited micro-phase separation, 
resulting in a cloudy film . The I·Nap(PhhT. remained disperscd in the 
polymer system and was optica lly clear. 

Conc! ulions 
New POSS compounds with high temperature capability and good 

solubility in various organic so lvents have been developed at AFRL. By 
replacing one of the phenyl groups on the cage, symmClry is disropted, which 
results in increased solubility. The ncwly rcplaced group is also aromatic, so 
!hennal characteristics are retained. These soluble materials arc able to be 
d ispersed illlo high performance polymers, in contrast to their similar 
commercially available counterpartS. 
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